[Abstract] This protocol describes the generation and functional validation of microRNA (miRNA) sponge or decoy constructs. When expressed from a strong promoter, these transcripts can sequester specific miRNA:RISC complexes, thereby resulting in a derepression of endogenous target mRNA.
www.bio-protocol.org/e2820
Here I provide a detailed protocol for the generation and functional validation of microRNA sponges as recently described (Lindner et al., 2017) . Compared to synthesized small RNAs such as antagomirs, miRNA sponges are cheap and can be stably expressed by retroviral integration. This allows the long-term miRNA knockdown in almost every type of cell and tissue, even in specimen that are difficult to transfect. Moreover, the expression of the sponge RNA can be linked to a fluorescent and/or genetic marker, allowing the easy tracking of sponge-positive cells e.g., by microscopy or flow cytometry. Last, miRNA sponges have been shown to sequester not single miRNAs, but rather all miRNAs of the same family as defined by their seed sequence, i.e., sponges may uncover redundant roles of miRNAs expressed in a particular tissue. www.bio-protocol.org/e2820
Materials and Reagents

Procedure
Here, I exemplarily describe the generation of a miRNA sponge sequestering miR-1839, however, by altering the sequence accordingly, any miRNA family can be targeted. The sponge construct itself is generated by a concatemeric PCR reaction (Figure 1 ), the design of the corresponding primers is explained below. 5. Add a linker to the oligonucleotide, e.g., CCGT.
This is the first primer for the sponge PCR (see below). 6. Form the reverse complement of the primer sponge mmu-miR-1839F.
5'-ACGGAAGGTAGAATCACAGGTCTTG-3'
7. Split the sequence close to the middle and copy the sequence of the second half in front of the first half.
This is the second primer for the sponge PCR.
8. Order both primers from the company of your choice (e.g., Sigma-Aldrich), at least in reverse phase cartridge-purified quality. Copyright © 2018 The Authors; exclusive licensee Bio-protocol LLC. Of note, the efficiency of the concatemeric chain reaction is not the same for every set of oligonucleotides. Therefore, it may be that 15 cycles in the second PCR is too low (no or only very small PCR products on a gel) or too high (Figure 2, lanes 3 and 4) . If this is the case, adjust the number of rounds for the second PCR accordingly, i.e., increase or reduce the number of cycles for the second PCR to 20 and 10 or even 5, respectively. (Figure 3) , dsRed-based sponge constructs should have no effect on a control reporter lacking a miRNA binding site or a reporter for another miRNA. However, in cells in which the sponge sequesters the miRNA:RISC-complex from the corresponding reporter, the GFP expression should be significantly increased, indicating a derepression of endogenous miRNA targets. Of note, this type of experiment has always been highly reproducible in our hands, resulting in little biological variation. In consequence, for most miRNA sponges only a few biological replicates are needed to reach statistically significant reporter derepression, e.g., when evaluated by a Student's t-test. 
